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It will be
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sumaed up by aayillg taat tllere is no knowa etiological
ageat for either paa4e•ic or endeaic illfluenza;

aow-.

ever, two and pesaibly 't».ree d.iffereat vtrases llaYe
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poaaible to t\etermiae tlle etiology of the en4•ie an.d --
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pandemic types?

Just what has -been proven concerning

the cause of epidemic influenza?

What is the nature

of the agent or agents that are capable of producing
such devastating effects on the human race?

What

is being done at the present time in order to determine
the cause of the dread pandemic form of influenza so
that a suitable and effective treatment may be
devised in order to prevent a repetition of the 191819 pandemic?

-
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II

History of Epidemiology and Studies of Recent Epidemics

The first recognizable influenza epidemic occurred
in western Europe

in 11?3 A. D.

The second known epi-

demic in 1323 was followed by milder waves in 1328 ~d
1358.

In a description of the latter an Italian,

Bueninsegni (2) refers to 'tuna influenze di freddo"
(an influence o:f eold), thereby giving to the disease
its present name.
In the fifteenth century :four epidemics are described.

Due to an increase in trade between nations,

the areas became more widespread and in the sixteenth
century three great pandemics swept across Europe,
western Asia, and northern Africa.

The pandemic of

1590 is considered one of the most severe in history.
Four great pandemics and several milder waves occurred
in the following century.

Due to the scarcity of

edieal literature and the failure to recogniz& the
imilarity between the recurring visitations o:f the
disease, many names were given it.

In England it was

first known as "aure'', later as the ttnew Acquayntance','
"the new disease", and "the new ague".

In France it

was for years confused with whooping cough.

In 1743

Sir John Pringle, Surgeon General of the English Army
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introduced the Italian term "Influenza11 and this soon
became the popular name for the condition in England.
About the same time, French physicians gave it the
name "La Grippe" :trom the verb "agripper" (to seize).
Noah Webster states that influenza first appeared in
America in 164?. (2)
From the beginning of the nineteenth century
there has been little freedom from the disease, and
medical literature is filled with innumerable descriptions of it.

In America, influenza has assumed

epidemic proportions in almost every decade.

Three

great pandemics occurred in the last century.

The

third, that of 1889-90 began in central Asia in May,
1889 and within three months had involved Europe and
America.

During this wave Pfeiffer pointed out

(erroneously) the relationship of the germ which now
bears his name, the Pfeiffer bacillus, to influenza.
The next and as yet the final pandemic occurred in
1918-19.
The profound devastation of the pandemic of 191819 left in its wake twenty million dead, five hundred
forty eight thousand in this country alone, and the
total number attacked was fifty times as great. (3)
It has been concluded by most of the men who have
studied the epidemiology of influenza that the major
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features of the 1918-19 pandemic resembled those o4_
that occurring in 1889-90.
According

to

Francis (3) influenza may be consider-

ed a disease possessing basic, essential characteristics , varying in amplitude and clinical severity
in different visitations ~d caused by agents of similar
'

pathogenic properties which may differ quantitatively
and qualitatively.

Since Smith, Andrews, and Laidlaw

(4) reported from England in 1933 the isolation in
ferrets of a virus from patients observed during an
epidemic of influenza much work has been done in an
attempt to corroborate their findings and to find the
cause of the more recent epidemics.

It has been con-

cluded by experimentation (to be discussed later) that
a certain strain of virus, named virus "A", has been
responsible

for many recent epidemics.

Francis (3)

believes that from late in 1938 through the early
months of 1941, reports from observation posts in
different parts of the world tend to indicate that
instead_ of a number of unrelated mild occurrences
there has been a somewhat continuous prevalence of
influenza A traveling in a circuit irregularly related
to the colder seasoDs in the temperate zones but present
in the summer months in the subtropical areas.

In
,-
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addition to five well established occurrences of

_

Influenza A, two well distributed outbreaks of respiratory disease were encountered which clinically and
epidemiologically resembled the previously identified
epidemics of influenza.

The first of these was origin-

ally recognized in California in June, 1936 and extended eastward through the U.S.

However it -was impossible

to obtain any evidence that this disease was caused
by

influenza A virus.

Again in the first months of

1940 a moderate epidemic was observed in the southeastern states, but again etiologic studies failed to
show a relationship with virus A.

Shortly thereafter,

as the disease appeared in New York, a new strain of
virus was recovered which was adapted to animals with
great difficulty and was shown to be quite distinct
antigenetically from Influenza A virus.
influenza virus type "B".

It was called

By serologie means it was

then demonstrated that epidemics of 1936 and 1940
in the U.S. were caused by Influenza B virus.

In

addition, the disease was found to have appeared in the
est Indies in the summer of 1940.
Some outbreaks of influenza have been shown to be
made up of interspersed cases of Influenza A and B.

In

addition, most observers have. boticed oceassional instances
of serologi~ responses to both types.

Clinically and_
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epidemiologically

the two diseases are extremely

difficult to differentiate.
quite different.

Immunologically they are

Infection with one elicits neither

specific antibodies nor immunity to the other;
repeated innoeulations fail to induce cross reactions
between them.

From the point of view of immunity,

the two diseases must be considered independent factors
in the epidemiology of influenza.
Francis pelieves that the morbidity of the disease
is related to the infectiousness of the virus and to
the number of suseeptibles made available through
births, migration, and the increment of the population
which has lapsed from immunity to relative susceptibility.

-
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III

History of Theories Concerning Etiological Agents
It is interesting although not too enlightening
to note the various theories held by distinguished
physicians as to the cause of influenza even up to
such a late date as 1898.

Finkler (5) wrote a

voluminous descript_ion of the possible causes of
influenza and came to the conclusion that it was caused
entirely by the so called influenza bacillus discovered
by Pfeiffer in 1892.

He writes,

"The obscurity which

shrouded the epidemic of influenza in former centuries
as regards etiology and the epidemic character of the
disease, will, thanks to the researches of this savant
be lifted from future epidemics."
In 1832 Porter (6) promulgated his ideas concern~
ing the disease known as influenza.

He said that it

was very definitely non contagious.

Concerning the

etiology he wrote,

"In regard to the precise nature

of the cause by which the influenza is caused and
propagated, there exists much obscurity."

He then

explained various theories held by physicians up to and
including his time.

Some were indeed amusing.

One in

particular however showed a degree of astuteness that
reflects well upon the intuitive judgement of its
originator.

~

It was held in high disdain and Porter ·
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writes that "Some medical writers of the last century
and a few among those of the present are unwilling
to allow that the origin and propagation of the
influenza can be explained except by its being referred
to a specific contagion, emanating from the bodies
of the sick, and applied to those subsequently
affected".

When we consider that this was long before

even the bacterial era of medicine, the foresight
and clear thinking of these men must be complimented.
Porter himself believed that the disease was
caused by certain atmospheric changes and enumerated
some very lengthy and extremely flimsy evidences as
proof of his statements.
One particularly amusing theory was that held by
Weber, a German physician of the late eighteenth
century.

He believed that he could trace its pro-

duction to a state of negative electricity in the air,
and in accordance with this belief recommended that
the disease would be prevented if socks on the feet
which could not conduct electricity be worn.
Finkler (5) describes the "miamistic" theory
which was based on the presumption that the infectious
germ has an ectogenous existence.

He admitted that

there was a great difference of opinion as to this
and that nothing could be proved either way.

He also

,,_.,.,

describe• an attu:pted. eJSl)laaation. of t:le origin of,,an
influenza epiclfdlie 1n 1889-90 in Chua -7 ll •. Russel.
Tkia was baae4 oa tlle fact that a gre•i tloediJlg of

tae Jellew RiTer wita aubseq•eat in:undatioa ot great

tractsuof lua whieA later drie4 up caued a fine

d11at to be blowa OTer great areas ot 'tille eelllltry, su1l
duet eoatailling ill some aanaer the gel"ll taat causes
iafluellza.

Auoapherio oonditions, tellurie eonditioas, age,

occupatioa, all were ea»efully eonsidered aa-to·taeir

pesaible etiological Talue.

were attain.eel.

No detini�e coneluaioas
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IV
Present Views of the Nature of the Etiological Agents

·The designation "influenza" .as it is commonly
used has come gradually to be applied to a group of
clinically similar illnesses, or rather a syndrome
rather than a disease entity.

The derivation of the

term indicates that there was at the time it was coined
a good deal of mystery regarding the nature of the
malady.

Although several centuries have passed since

the diagnosis of influenza was first made there are
still more unsolved problems than proven facts relating to this all too common condition.
rt is now known that the term influenza embraces
a number of etiologically distinct diseases, and that
although certain of the etiological agents associated
with one form of the disease are now well known, it
seems of importance to emphasize that a diagnosis of
influenza based entirely upon clinical observations
does not as yet carry either anatomical or etiological
implications.

The fact that there are certain similar-

ities among the clinical syndromes observed combined
with the absence of more precise knowledge regarding
the causal agents responsible for these conditions
makes it desirable that the generic term influenza
should be retained as a descriptive designation fo~
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all the recognized forms of the illness. _Horsfal' (1)
presents three main forms in which this condition has
been observed.

They are #1 Pandemic influenza, #2

Epidemic influenza, and #3 Endemic influenza.

#1

Pandemic Influenza

As the term indicates (pan• all+ demos• people,
Gr.) pandemic influenza involves all of the people.
This statement is reasonably true, as the pandemic
of 1918-19 .according to Jordan(?) "affected nearly
every family on the civilized globe."

It is character-

ized by great explosiveness, an extremely high morbidity
rate, and surprisingly, a relatively low ease fatality
rate.

Despite the fact that it has been estimated

that some twenty million persons died as a result of
the 1918-19 pandemic, _the mean case fatality rate was
probably not greater than two percent. (?)
At the beginning of the 1918-19 pandemic some
bacteriologists regarded Hemophilus influenzae as the
causative organism of the disease although others did
not share this view.

During and following the 1918-19

pandemic a tremendous amount of investigative work was
carried out in innumerable laboratories in an attempt
to determine the causative agent.

Typical of these

was the work done by Rosenau, Keegan ~t al in 1918-19.
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(8, 9, 10)

These men carried out an exhaustive serie~

of experiments, meticulously controlled, in an attempt
to determine the cause and mode of spread of influenza.
The experiments were carried on jointly by medical
officers who were detailed for this purpose from the
U.

s.

Navy and the U.

s.

Public Health Service at the

U.S. Quarantine Station, Gallups Island, and the U.
Naval Hospital, Chelsea, Mass.

s.

They were divided into

three separate sets of experiments, the first in Boston
during Nov. and Dec., 1918, the second in San Francisco
during the same period of time and the third again in
Boston in Feb., and Mar. in 1919.
In the first experiment they innoculated men with
saline suspensions of a culture of Pfeiffer's bacillus,
with both crude and filtered secretions of nasal, mouth,
and pharyngeal washings from known cases of active
influenza, made direct transfer of secretions, nose to
nose and throat to throat, subcutaneous injections of
filtered secretions, subcutaneous injections of blood
from influenza cases, and also tried to transmit the
disease by direct contact.

All of these methods failed

to give any postive conclusions.

They did come to the

conclusion that their failure to reproduce the disease
with the various discharges was due to unknown factors
involved, either in the discharge of the virus froIB,:;.the
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body or its entrance into the victim.
The other two seri·es of experiments were of a
similar nature, but also resulted negatively.

There

was no unequivocal evidence obtained that there was
present in the upper respir~tory tract of frank cases
of pandemic influenza an infectious agent capable of
·inducing a typical attaek of ~hat disease in man.
However, we do not believe, in the light of present
day knowledge as to the etiology of the epidemic form
of influenza that these results should exclude the
presence of such an agent.

It should be emphasized

that these tests were made during the course of the
pandemic, a very unfavorable time for trials of this
nature, and that, although volunteers unaffected by
the illness were sometimes recruited in localities in
which the disease had not yet reached epidemic proportions, there remains the possibility that many of
these individuals may have been immune, either as a
result of a previous infective experience with the
agent or an actual inapparent infection prior to the
period at which an explosive outbreak occurred in the
general population.
The results of extensive investigations carried
out in the past decade on the etiology of both swine
(11) and human epidemic infiuenza suggest by analogy

1

that the primary infecting agent in the 1918-19 pandemic
was a virus, but they have not provided a definite
indication as to what virus -may have been causally
related to the disease •

.An

interesting theory was put

forward by Laidlaw in 1935 (12) and subsequently
subscribed to by Shope (13) which holds that swine
influenza, which is thought not to have occurred prior
to 1918, represents a prototype of the pandemic
human disease in another species and that swine
influenza virus is the analogue perhaps somewhat
modified as a result of its sojourn in the hog, of
the agent primarily responsible for the 1918- 19 pandemic in human beings.

The presence generally of

antibodies against swine influenza virus in the
serum of younger persons appeared fifteen years after
the pandemic to be strong supportive evidence in favor
of the theory. (13)

But the fact that an almost

identical age distribution can be demonstrated at the
present time somewhat reduces the significance of these
findings.

Furthermore, the fact that infections with

influenza A virus, one of the influenza viruses now
known to be causally related to epidemic influenza in
man leads not only to the production of antibodies
against swine influenza virus,

(Horsfall

14) but
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itself as well, thus making hazardous any interpreta- _.,
tion as to the significance of antibodies against the
former agent in man.

Finally, Horsfall (14)

found it

difficult to understand why, if the swine virus were
actually the analogue of the agent presumed to have
been primarily related to the 1918-19 pandemic 1' outbreaks of epidemic influenz~ in man caused by the
swine virus have not been observed, since swine
influenza itself recurs annually among hogs in the
Middle West.
At the present time, the etiology of pandemic
inf'luenza,that form with which we are the most concerned due to its gigantic. effects upon the population as
a whole, must be considered as unknown.

If and when

another pandemic of influenza should occur, ·it is to
be hoped that it may be possible to establish directly
the etiology of the disease.

It seems not unlikely to

expect another outbreak in the not too distant future.
It is the author's opinion that the great death rates
of previous pandemics will be markedly decreased for
the following reasons.

It was proved that in some cases

in which the disease terminated fatally, a fulminating
terminal bacterial pneumonia was present.

According

to Dr. G. P. Pratt (15), autopsy of a number of cases
at which he was present revealed a marked abundance ot_
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streptococei in the lungs, some a predominance of H.

►

influenzae, while in others the pneumococcus 8.l,ld also
various strains of staphlococci were present in sufficient
quantities that the death could be tenned as due to
bronchial pneumonia.

This being the case, it would

seem plausible that the use of the various eulf prepara.
tions as well as p·enieillin

would greatly decrease the

pathogenicity of these secondary invaders.
to be seen.

This remains

It should be kept in mind that some of

the pneumonie deaths following which autopsy could reveal nothing as far as bacterial involvement was
concerned might have been due

to

another complicating

virus, or perhaps the influenza virus (if such is present)
itself.

Providing the latter is -the cau~e, the

prognosis of pandemic influenza is no better today and

we

are · no better off than -in .1918. The entire mystery

that shrouds the cause of pandemic influenza, and proper
treatment for it will, we believe, be lifted . with the
f

appearance of the next pandemic.

,

If a specific virus

is the cause, and all indications seem to point in that
di~ection at present, methods of virus isolation
recently developed (to be explained later) will certainly enable our ba·c teriologists and epidemiologists to
definitely establish the etiological agent or agents
responsible.

~
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In a review of the ease records in the files of

the Univereity of

Nebraska

Hospital we found that

Nov. and Dec. of 1918 one hundred sixt,two�cases

entered

�11.e hospital

with the

diagno sis

of

:µifl_uenza.

Olling to the shortage.of doctors and nurses, many

Q�

whom were down with the disease, tae ease records were

very incomplete and nothing pertaining to the etiolou
could be detennined.

Aecor4iag to Dr.

c. •�

M. Fo;TJ'lter,

some of the autopsies reveale� lung conditions very·

si.lailar to

thoee

now found in patients wao ha�e died

from what we now call virus pn�ponia., Neither tiae 1
aen, or materials-allowed any research to be tone at
that time.

It is perhaps inter�sting te note the graphic.

representation of the eases diagnos ed as influenza or

La Grippe that came into the Universi�y Hospital

during

the eleven year period between 1918 and-1929.

115-----,----------:-----�------�

if'-100

-=-

� 7'
['T.I

; 50

.25
!:--:1
'--,�f�,, "'�,�1--l�:-��,- 2i
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#2

Endemic Influenza

This is a much milder form of influenza than
pandemic, and occurs eaeh winter season in many parts of
the world.

These yearly visitations laek many of the

characteristics of epidemics and according to Rickard
(16) and Horsfall (17), this· sporadic grippe as it is

often called, is not _associated with infection by any
of the known human influenza viruses.

They ,found that

patients with this illness did not possess any of the >
known human influenza viruses in their u-pper r espiratory
tracts during the disease, nor did they develop an
antibody response against ~y of the viruses during
convalescence.

They concluded that-these findings

although of a negative nature were reasonably good
indications that the agents in question are not implicated in the etiology of this illness.
So far, no known bacterial agent has been found
to be associated with endemic influenza.

Instead, a

variety of potentially pathogenic micro-organisms are
found in the infected regions of the upper respiratory
tract.
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#3

Epidemic Influenza

Epidemic influenza is also a much milder and less
severe form t~an pandemic influenza.

A very great deal

has been written during the past eleven years on the
epidemic form of influenza, with particular reference
to the etiology.

This is the only form o~ influenza for

which we have known etiological agents.

There is now

evidence that there are at least three distinct etiologie
varieties of this disease, which occurrs with greater
frequency than is generally realized.

During the last

decade there have been numerous fairly extensive epidemics
in many parts of the world.

In both the north and

south temperate zones epidemics have usually been
observed during the winter months.

-I t seems somewhat

uncommon for epidemic influenza to occur in consecutive
years in the same locality, though this has happened
oecassionally. (14)

More commonly the disease tends

to - recur each second year.

It would seem that too little

is known of the natural.history of epidemic influenza
to permit any analysis of the possible significance
of the apparent cyclical recurrence of the disease,
and it may be possible that the seeming periodicity of
extensive epidemics is not real.
Since the discovery of the human epidemic influenza

-
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viruses in 1933 by Smith, Laidlaw, and Andrews (4) in
England there has been a great deal of extensive laboratory work done on this subjeet.

By far the most credit

for our present day knowledge concerning the etiology
of influenza must go to the above mentioned gentlemen.
Although Shope (11)

described an epidemic of severe

influenza and isolated a distinct virus in 1931 it remained for Smith, Laidlaw, and Andrews to give to the
medical world adequate proof that epidemic influenza in
man is caused primarily by a virus infection.

They did

this by working with ferrets ih which they instilled
intranasally a filtrate of throat washings obtained
from influenza patients.

They found that the disease

was transmissible serially in ferrets either by contact
or by intranasal instillation of virus containing material.
Also that the disease was produced by five of the eight
throat washings obtained from influenza patients in the
early stages of the disease.

Contrasting this they

proved that throat washings from healthy persons and
influenza convalescents caused no illness in ferrets,
and that the nasal washings from a subject with a
severe common cold caused no illness in ferrets.

Human

~era, particularly those from influenza convalescents
were found to contain antibodies capable of neutral~
izing the virus of the ferret disease.

Having obtained
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samples of severe influenza virus from Shope as well _as
cultures of Haemophilus influenzae (suis), they showed
that swine influenza virus caused a disease in ferrets
which was indistinguishable from that produced by virus
of human origin, and that the human viruses have close
antigenic relationship.
Dr. R. E. Shope (18), working with swine and studying the effects of influenza as well as its cause has
done a great deal toward making the picture of epidemic
influenza more clear t o us

We believe that it would

be fitting to record here some of the results of his
experimentation and the conclusions that he reached.
Dr. Shope defines ·swine influenza as

0

an acute

infectious respiratory disease of swine", and states
definitely that the cause ig a combination of the bacterium
Haemophilus influenzae suis with the swine influenza
acting in concert.

He found that although the bacterium

alone was not pathogenic, and the virus alone was of
only mild pathogenicity to swine, the two when administered together to experimental swine by intranasal instillation causes a clinically severe illness identical
with swine influenza in the field.
Shope also found (19) that the swine lungworm, a
nematode parasite in the bronchioles of the bases of the
lungs of swine, was capable of harboring swine influenza~
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virus and of transmitting it from animal to animal.

He

did not conclude from this that this was the only method
of transmission of the virus, and admitted that it might
be only an interesting trick of transmission that could ·
be carried out only in the laboratory.

Nor, in comparing

the phenomenon with the epidemiology of human influenza
did he imply that there was an intermediate host for the
causative agent of the human disease.

He did bring out

that there were many analogies between the two diseases
and that information concerning the epidemiology of
swine influenza is of value to students of the human
disease only in so far as it _suggests analogies, and that,
therefore, although not proven as yet, the possibility
of some intermediate host for the human disease might
exist.
Shope believed that the swine virus had its origin
from man in 1918-19 and actually stemmed from the lethal
pandemic virus prevalent at that time in human beings.
He thought that if this were true, it would be quite.
natural to inquire conc~rning its eventual destiny as
far as man is concerned.

He pointed out that the swine

infl uenza virus had served as a disease producing agent
since 1918 and that during the elapsed time there was no
eonelusive evidence that it had ever transferred back to

man, and that although it was originally a human pathogen,
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it is now apparently fixed in swine.

He warns us agains&

a feeling of too comfortably security and points out the
possibility that it might return to man.

He emphasizes

that this suggestion is merely a possibility, not a
threat, warning or predietion, and that we are helpless to make a decision concerning it until we have
our next great influenza pandemic.
There has been a great deal of laboratory work
done during the past few years with the viruses of
influenza.

We were interested in determining just how

these workers went about isolating the viruses and determining their pathogenicity.

Burnet and Clark (20),

orking in Melbourne, Australia published a very
comprehensive monograph in 1943 in which they give two
practical methods for the primary isolation of influenza
virus A from human patients.

Both involve the use

of filtrates of throat washings from patients in the
early stage of the disease.

The virus is not present

in the blood and it is usually absent from tissues taken
post mortem from persons dying of post influenzal pneumoRia.
The usual procedure is for the patient to gargle about
ten cc. of nutrient broth which is filtered through a
sterile filter paper to remove mucous, cells, and food
particles.

The primary filtrate is then passed through

a gradocol type membrane of average pore diameter,

~
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around eight micra, to give a filtrate free from bact~ia
and containing practically all the virus which was
present in the original washings.

In one method this

filtrate is inoculated intranasally into ferrets.

In

the second it is inoculated by the amniotic route into
the developing chick embryos.

It is not absolutely

necessary to use a filtrate for primary ferret -inoculations but there is always a possibility that pathogenic
bacteria in infiltered washings may produce a deceptive
temperature rise.
In the first method the ferret is lightly anesthetized and about .5ee of filtrate is introduced into the
nostrils with the ferret held vertically.

Rectal

temperatures are taken twice daily and the necessary
precautions are adopted to see that the infection is not
transmitted to or from other animals under experimentati,on.

Typical active strains of influenza virus give

a temperature curve characterized by a sharp primary

'

spike to about 105° in 48 hours after inoculation, then
after a remission of one day a further period of two to
four days with fever at a somewhat lower level.

Symptoms

appear at about 48 hours with sneezing, nasal discharge,
anorexia and inactivity.

The infection is always mild

and recovery inevitable.

Many strains fail to show the

typical biphasic temperature curve and the incubation
period may be one, two or three days.

Virus for
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passage is obtained by killing the ferret two to five
days after infection and removing the nasal mucosa and
turbinates.

These can be stored in a mixture of equal

parts of glycerol and Ringer solution, and when kept at
a te~perature a few degrees below

o0 c.,

they retain

their infectivity for at least a year.
Horsfall. (16) in 1940 found that many strains of
influenza virus A _have on primary isolation produced very
little .temperature change in ferrets.

With repeated

passage from ferret to ferret symptoms may eventually
be produced.

Th~ first strain of influenza virus B to

be isolated required many such passages, (21) before
its existence could be unequivocably demonstrated.
In Horsfall's laboratory in 1940 (22) it was found
necessary to house each ferret in a completely isolated
cubicle receiving only filtered air.
The second method of primary isolation depends
upon the fact that all influenza virus A and B strains
so far tested in Melbourne will infect the lung of a
twelve day chick embryo and provide easily demonstrated
evidence that such infection has occurred.

(20)

Eggs at twelve days incubation are candled to determine the position of the em9ryo and an oval opening
about 2 x 1 cm. drilled through the shell with a dental
engine and a vulcanite-earborundum disc.

After dropping -
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the chorioallantois and removing the shell membrane a
slit is made in the ehorioallantois and the amnion
drawn up through this slit.

About 0.25 cc. of filtrate

is now injected into the amniotic cavity after which
the egg is sealed and reincubated at 35°c for three
or four days.
days.

Infected embryos survive at least four

If they are examined at this stage it is usual

to find a diminished amount of rather turbid amniotic
fluid which can be withdrawn from the trachea.

The

diagnosis can be ehecked microscopically by examination
of histological sections of the lung or of stained
smears of the tracheal fluid.

In practice the tracheal

smear is the final criterion of diagnosis.

In prepar-

ing such smears the following technique _is used;

the

opening of the laryn~ is exposed by cutting through the
mandibular articulations on both sides and the fluid is
carefully withdrawn by a teat and a fine pointed capillary
pipette.

It is transferred to a short length of capill-

ary tubing one end of which is then sealed.

This is

centrifuged to give a compact accumulation of cells from
which the thin, rapidly drying smears may be made.

They

are stained with any convenient stain of the Romanowsky
type.

Normal tracheal fluid contains only a few flakes

of epithelium plus any blood cells which may have been
introduced during the manipulations.

Specifically

_..
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infected embryos show a variety of cells in tracheal
smears, the most characteristic being grossly vacuolated epithelial cells;

there are often large numbers

of more or less damaged cells of primitive type, many
showing broken up nuclei and a variable. proportion of
granular leucoeytes of any degree of maturity.
Large amounts of virus are present in both amniotic
and allantoic fluids, and a pool of these fluids is
normally preserved as stock virus.
With the development of Hirst's technique (23), a
further check on the existence of infection in the
embryo can be obtained by testing amniotic and allantoic ,
fluids with red blood cells.

An

infected fluid will

usually agglutinate these to a dilution of some hundreds.
The activity in this respect of primary infections has
not yet been established, but there is no reason to
believe that they would fail to show this phenomenon.
If, as is usually the case, the virus isolated
produces recognizable symptoms in ferrets it can be
identified immediately as an influenza virus strain by
showing that it does not produce symptoms in a ferret
immune to standard strains, and conversely that it
provokes immunity against subsequent inoculation with
the standard strain.

For more detailed study it is

usually necessary to adapt the virus to produce either-
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fatal infections in mice or satisfactory lesions on the

~

chorioallantois of the developing egg.
In attempting to find out the exact chemical and
physical properties of the influenza viruses we ran into
considerable difficulty • . There appeared to be a diversity
of opinion concerning its various characteristics.
Elford, Andrews, and Tang in 1936 (24) and Lennette and
Horsfall i,n 1940 (25) came relatively close to agreement
in that they decided that the size of the particle of
I

influenza virus was comparatively large, its diameter
approximating 100 millimicra.

The former group conducted

filtration experiments, the iatter utilized a high speed
centrifuge in doing their measurements.
We found that almost nothing is known of the chemical
constitution of the virus.

It is not inactivated by

crystalline trypsin (Merril, 26), but it is readily inactivated by soaps (Stock and Francis, 27), and other
surface agents.

The virus is inactivated by heating at

55° C. for thirty minutes.

It is resistant to glycerol

and moderately resistant to phenol.

No ordinary antisept-

ics have been studied in relation to their effect on the
influenza viruses but on the whole it can be regarded
as a very typical moderately resistant virus. ( 20)

bO
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Conclusions

The answer to the question of the etiology of
influenza is still for the most part unanswered.

We

'

do know that there are two (viruses A and B) definite
etiological agents for the mild epidemic form of the
It is known also that there are various strains

disease.

of these two viruses.

Concerning the etiology of the

most important form, pandemic, we know no.t hing of a
postive nature.

It is the author's opinion that this

si"l;uation will be cleared up when and if the next pandemic occurs.

If the cause is a virus, and all indications

point toward that solution, we believe that modern
laboratory procedures concerning virus isolation will
enable the immediate and accurate detennination of the
cause.

It is te be hoped that, knowing the cause, a

satisfactory vaccine or serum treatment may be devised
in order to prevent another world wide catastrophe such
as was seen in 1918 and 1919.

As the situation stands

at present, we are no better off as far as treatment is
concerned as we were then, with the exception of sulfa
and penicillin therapy for secondary bacterial pneumonic
complications.

At the present time it is obvious that

nothing can be done in an attempt to actively determine

,-
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the cause of pandemic influenza.

However, it is impera-

~

tive that as soon as the disease is recognized the cause
must be immediately established.
The following chart summarizes quite well our
knowledge eoncerning the three epidemiologic forms
of influenz~.

It was compiled by Horsfall (1) in 1942,

and presents graphically the results of the etiologic
studies of 1,2?6 cases of epidemic influenza which

'

occurred in twelve separate outbreaks during 1940 and

1941.
Classification of Forms of Hum.an Influenza
Epidemilogic
forms

Etiologic
varieties

Causal
agents

Occurrence of
bact. infect.

Pandemic

unknown

unknown

common

Epidemic

Influenza A

Infl A
virus
Infl B
virus
unknown

rare

Influenza B
Endemic

unknown

rare
rare

,-
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